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© Synchronization signal detector, synchronization signal detecting method and demodulator. 

(57) A synchronization detector includes a . NRZI ^ . . ^_ 
circuit (2) for extracting edge portions of RF 
signals detected as binary-valued signals to 
form a pulse train, a counter (6) for counting the 
number 61- channel clocks in the distance be^ 
tween transitions) represented by the edge por- 
tions, a latchi circuity (5) operated responsive to 
pulses from the NRZI circuit for holding a num- 
ber of previously counted channel clocks im- 
mediately preceding a current count of channel 
docks/and AND f gates (7^ ;'8i 9, 10, 11, 12) and an : 
'OR gate (13)£fbr:-deteeting : synchronization sjg-,, ; 
v if' inals . » ? when 5 fthe n ^combination of the • chan n el 

, doc^s^fromthe. 
, ;P the \'combina^h^'.of the maximum distance f be- 
tween transitions Tmax ^ and Tmax-kT (k = 1 or 
: * v " 2) of a (d, : K ; rh, ; n ; r) modulation code. 
Synchronization signals may be detected; 
.promptly even .if the t frame structure is in- 
, ; creased in , size to enable restoration of 
synchronization to be expedited when frame 
structure synchronization is not in order. A 
demodulator utilizing the synchronization sig- 
nal detector is also disclosed. 
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This invention relates to a synchronization signal detector for detecting synchronization signals (such as 
frame synchronization signals), a method for detecting the synchronization signals, and a demodulator for de- 
modulating data. 

An eight-to-fourteen modulation (EFM) system is employed in a disc recording system for so-called com- 
5 pact discs (CD), or one of the other disc-shaped recording media, such as optical discs, magnetic discs or mag- 
neto-optical discs. With this modulation system, data are processed on the basis of units or strings of 8 bits, 
and each 8-bit bit string is translated into a string of 14-channel bits. 

The recording format for a CD is shown in Fig. 12 and in Table 1, in which 24 channel bit synchronization 
signals (frame synchronization signals), 14 channel bit sub-coding data, 336 (24 x 14) channel bit data and 
10 112 (8x14) channel bit parity data are furnished. In addition, 3 bits each are furnished as margin bits for con- 
necting the pattern data, thus totalling 102 channel bits. One of the roles of the.margin bits is to adjust the 
maximum distance between transitions of magnetization Tmax = 11 T in order not to be repeated twice for the 
synchronization signals. The encoding efficiency and the redundancy of this recording format are 57.1 % and 
42.9%, respectively. 



TABLE 1 





data 


channel bit 


sync signals 




24 


subcoding 


8 


14 


data 


192 


336 


parity . 


64 


112 


margin bits 




102 


total 


264 


588 



30 The above-mentioned CD recording format is disadvantageous in that: there is only one synchronization 

signal; margin bits are required for connecting the synchronization signais;~and an exceptional bit string is set 
aside for the synchronization signals. . . ^ 

Meanwhile, each frame of the CD recording format is composed of 588. channel bits, as sho\yn above. If 
it is assumed that moving picture data is to be recorded on a CD-sized disc, and the recording format;is pursuant 

35 to the CD recording format and has a frame length longer than that provided imthe.CE) recording format, the 
distance between the synchronization signals in the frame structure is increased; so that|?if the frame structure 
synchronization is not in order, data restoration tends to be delayed: . 

In accordance with the present invention, there, is provided a synchronization signal detector comprising 
means for extracting edges of RF signals detected as 'binaryrvalued:signalSi mean^ number 

40 of channel clocks produced during a tJistance between adjacent transitions def ihed by extracted edges, means 
for holding the count of the (channef clocks generated^during a distance between the transitions* directly pre- 
ceding the distance between the transitions for whjcn^ne nurnber of pulses is currently counted; and means 
for detecting synchronization signals from outputs of the counting means and said, fa^iHSh usin9 two 
patterns as synchronization signals, one of which is a frame synchronization signal and the other of which is 

45 a synchronization signal for at least error correction; ' ^ J t * 1 " 

In accordance with the present invention, there is also provided a demodulating device for demodulating 
a variable length code comprising a synchronization signal detector section having means for exfracting edges 
of RF signals detected as binary-valued signals, means for counting the number otphahnel docks produced 
during a distance between adjacent transitions defined by extracted edges; means for holding the count of the 

so channel clocks generated during a distance between the transitions directly preceding the distance betv/een 
the transitions for which the number of pulses is currently counted, and means for detecting synchronization 
signals from outputs of the counting means and the holding means, using two patterns as synchfdnization sig- 
nals, one of which is a frame synchronization signal and the other of which is a synchronization signal for at 
least error correction. The apparatus also comprises a timing controlling section for detecting the block bound- 

55 ary of said variable length code data based on detected synchronization signals, a data demodulating section 
for demodulating N-bit based variable length code data into M-bit based original data in accordance with a de- 
modulation table performing an inverse conversion to the conversion prescribed by the modulation table used 
for encoding, based on the detected code length data and output data of the timing control section, and a match- 
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ing section supplied with the demodulated original data and an output of the timing control section as inputs 
for matching the original data to an external circuit. 

Further respective aspects of the invention are set forth in the claims. 

The invention will now be described by way of example with reference to the accompanying drawings, 
5 throughout which like parts are referred to by like references, and in which: 

Fig. 1 is a schematic block circuit diagram showing a synchronization signal detector according to an em- 
bodiment of the present invention; 

Fig. 2 illustrates a frame structure and the unit of an error correction coding; 
Fig. 3 illustrates an entire recording format; 
10 Fig. 4 illustrates an example of synchronization signals; 

Fig. 5 illustrates another example of synchronization signals; 

Fig. 6 illustrates conversion of NRZ data into NRZI data; 

Fig. 7 illustrates conversion of the synchronization signals into NRZI cJata; 

Fig. 8 illustrates the operation of a counter and a latch circuit of the synchronization signal detector; 
15 Fig. 9 illustrates a synchronization pattern in NRZI representation; 

Fig. 10 illustrates the operation of the counter and the latch circuit at the time of detection of synchroni- 
zation signals; 

Fig. 11 is a schematic block circuit diagram showing a decoder; and 
Fig. 12 illustrates a CD recording format/ 
20 Referring to the drawings, preferred embodiments of the synchronization detector, method for detecting 

synchronization signals and the decoder relevant to the synchronization detector are explained in detail. 

Referring to Fig. 1, the synchronization detector of the present embodiment includes a non-return-to-zerb 
inverted (NRZI) circuit 2, as edge detection means, for extracting edges of detected binary- valued RF signals 
to generate a pulse train, a counter 6 for counting the number of channel clocks T of the distance between 
25 transitions which is the distance between the edges extracted from the NRZI- circuit 2, that is the number of 
channel clocks T applied via terminal 4,'a latch circuit 5 operated responsive to the pulses from the NRZI circuit 
2 to hold the number of channel clocks corresponding to the distance between transitions directly preceding 
the distance between transitions being counted by counter 6, arid AND gates 7 to 12 and an OR gate 13 for 
detecting synchronization signals from an output of the counter 6 and/or -latch- circuit 5 using two different pat- 
30 terns as synchronization signals for error correction, with one of the patterns being used as a frame synchron- 
ization signal and the pt her pattern as the synchronization signal for error correction. 

The modulation coding employed in the present embodiment is; a variable length coding (d, k; m, n; r) having 
different code word lengths depending on input data word lengths. B^fbre proceeding to the description of the 
arrangement shown in Fig.. 1, the variabiie Jength coding is explained/ - 
35 The variable^ length coding is expressed as (d, k; m, n; r) in which d, k means a constraint imposed on a 

train of the same symbol information, d means the minimum length of "a symbol "O", k means the maximum 
length of the symbol "(T, m means the basic data length, n means the basic code length, n/m means a con- 
version ratio and r means the basic data length of conversion (constraint length). For example, the so-called 
2-7RLL employed in a hard disc is expressed as (2, 7; 1,2; 4) code.;; ; v 
40 In th^ presfent em 2^5; 5) code is employed. as .thej(d,;k; m, n; r) code. 

Thedata\anti the conversion table witK'the (47 22; 2, 5; 5)x6de te shown in Table 2. 



, < J TABLE 2 ; ' : . ; , j. 

; " ;■ ; T ~~ data translation code 

r«=l « 11 ooooo V 

10 r ...... ioooo 

• ■ • - mill 000010000100000 
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0111 
0110 
0101 
0100 



010000OQ0O 
0010000000 

opoioooooo 
ooooiooboo 



001111 
001110 
001101 
001100 
001011 

odioio 
6 oio oi 

001000 
000111 



010000100000000 
010000010000000 

oiooooooioooooo 

0 100000 001 0 0 00 0 
000100000100000 

ooiooooiooooooo 

00 1000 00 1 0 00000 
001000000100000 

000100001000000 



00011011 

00011010 

00011001, 

00011000 

00010111 

00010110 

OOOlplOl 

000 10 100 

oooiooii 

0.0010010 
000 10 001 

oooioobo 
ooooiiii 
oo bp 11 id 
boboiabi 
ooooiiqo 
oopoibii 
o b bb lb ip 
obobibpi;; 

op dpi bob 



oioodPiooppippoooooo 

0 1 OOP 01 Q 0 00 0100 0000 0 

oiooobibopopoioooboo 
biboobiopooppoiooobo 
biboooooiopppoiooooo 
, oiboobbiooooiooooooo 
o i o ob op i opp op 10 oo op o 
oiboppbi obbb o oiooooo 
b i bb boo o lob boioboboo 
6 b i b o o p i o 6 b b i p o o o b 6 o 
pbibbboioobPoioboooo 
oo id P o b i 6o o bo oiooooo 
oo b i P bb o b lb o o P i o P o o o 
boibpobooippboioopbo 
b oi bo b 6 bi b b b b i o o o o o o 
bb i b b bb Pi go o o oiooooo 
o iobbbbbo 100001 oooo o 1 
b b ob i obbb i bo ooioooob 
6 b p ib bob ±666 6 ioo oooo 
66 bibb b b l bob o oi o o o o o 



0000011111 
« 00000111 lO; 
0000011 101 
O00001110O 
0000011011 
0000011010 
0000011001 
OO0Q011O0O 
0000010111 
000001011O 
0000010101 
000001 01 oo 

oooooi boll 

O000010O1O 
0000010001 

oooooioooo 



010,00 o i p o o p i o o p o i o o o bbp o p 
o i qo o p i o o o x o i p pop p l o o opp qb 
^ oi p o bp i pop b i b bob b p i P op b pb 
oiooobibbboiobooobbibobbb 
0100001000000100000100000 

0100001000001000010000000 

biboooioooooioooooioooooo 

0100001000001000000100000 

oiooooiooooooiooooioooooo 
oioooooiooobiooooioopooop 
oiooo ooiooooioooooiooooob 

0100000100001 000000100000 

oiobooooioboopiooooiooooo 

0100000100000010000100000 
0 1000 OOIOOOOO 100001000000 
01000 OOIOOOOO 1000 00100000 
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oiooooioooooooiooooiooooo 

01OOOO0O010OO010OOO1OOOO0 
0100 0000 1 0 0 O 0 1 0 0 O 0100 0000 
0100000010000100000100000 

ooiodooioooooiooooioooooo 

0010000 1000010000100 00000 

oo ioooo iooooioooooioooooo 

001OOO010O0O1000OOO1 00000 

0000000111 OOIOOOOIOOOOOIOOOOOIOOOOO 
0000000110 0 01OOO01OO0OOO10OOO1 00000 

0000000101 0010000010000100001000000 

oooooooipo ooioooooiooooioooooioopoo 

00 00 0 0001 1 0 0 100 00 001000010 0 00100 000 

0000000010 00O1OO0O1O00O010OOO1O0O00 

0000000001 O0O1OO0O1O0OO100OO1OOOO00 
0000000000 0001000010000100000100000 

oooiooo ooiooooioop 010 0000 

0000100 00100001000 010 0000 



0000001111 
0000001110 
0000001101 
0000001100 
0000001011 
0000001010 

opoopoiooi 
obpoooipoo 



In the present embodiment described herein, a recording format having a frame structure which becomes 
larger than the frame of the above-described EFM recording format for CD is taken as an example. The re- 
cording format of the present embodiment employs a block consisting of two frames as a unit for error correc- 
tion codes, as shown in Fig. 2. Table 4 shows an arrangement of a sector (= 26 frames) and Fig. 3 shows an 
overall format. 



TABLE 3 





data 


channel bit 




sync signals 




100 




sector mark/sector address 


256 


640 




data' ' > — 


:.t024* 


2560: . v 




parity 


256 


: 640 




' DC control 




120 




TABLE 4 








data 


. channel bit 


. . . sync sjgnals , 




1300 


! " sector mark/sector address 


256 


. 640 . < 


data 


16384 


40960 


parity 


3328 


8320 


DC control 




1560 


total 


19968 


52780 - *■ ■ 
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Referring to Table 3 and Fig. 2, the recording format of the present embodiment includes, in the first two 
frames, 100 channel bit synchronization signals, 640 channel bit sector mark addresses, 2560 channel bit data 
and 640 channel ; bit parity data. Also, there are furnished a sum total of 120 channel bits between the patterns 
as DC control data. Each sector includes 1 300 channel bit synchronization signals, 640 channel bit sector mark 
5 sector addresses, 40960 channel bit data, 8320 channel bit parity data and 160 channel bit DC control data. 
The coding efficiency and redundancy of the present format are 7.6% and 22.4%, respectively. 

According to Table 2, it can be seen that consecutive data strings translate to channel bits. These channel 
bits, under this code, are sets of contiguous "0" channel bits separated by a single "1" channel bit where each 
M 1" channel bit represents a transition of magnetization. By placing various data strings together, it can be seen 
10 that there is* a maximum distance between transitions of magnetization (Tmax) and a minimum distance be- 
tween transitions of magnetization (Tm in). Under modulation by the above-mentioned (4, 22; 2, 5; 5) code, 
Tmax = 32 arid Trriin = 5. ' . . 

For the synchronization signal (frame synchronization pattern) to use in the case of modulation by the 
above-mentioned (d, k; m, n; r) code, it is necessary to select a pattern in which t he maximum distance between 
is transitions of magrietizatidh Tmax is not increased, and the minimum distance between transitions of magne- 
tization Trriih is not excessively decreased. Also, the pattern should not appear in the modulated data and pre- 
ferably the pattern has a minimum length. 

With the present embodiment, possible examples of long bit lengths (lengths of contiguous "0" bits) ap- 
pearing in data, wit ri the modulation by above-mentioned (d, k; m, n; r) code as the frame synchronization pat? 
20 tern, are those shown in Figs. 4 and 5. 

The examples~of ,Fig. 4 andFig. 5 of long bit continuation with the modulation by the (4, 22; 2, 5: 5) are 
the stream of channel bits of ... 

"01 0000O0O0O0000OO0OOO1 0000 0O000000O00OO00O0O1 0000000 

25 

OOOOOOOOOOOOIOOOOO" 

for t he data strings of . „ ' 01 1 1 ", "It", "11", "0111", "11", "0100", "11", "11", "0100", as shown ;in,Fig. 4, 
and the channel bits of ... 

30 

"01O0O00O00O0 0000OOOOO1 0000 00000000000000 
0001000000" 

35 for the data strings of ... "0111", "11", "11", "0111", "11", "11", "0101", "11". "0100" as shown in Fig. 5. 

It is seen from Fig. 4 that, should there appear 23 T, that is 22 contiguous w 0" channel bits, the bit lengths 
before and after it are both 20T, which represents the maximum value, 19, of contiguous "0" channel bits that 
can appear before or after a 23T. It is also seen from Fig. 5 that,.should there appear 22 T, that is 21 contiguous 
"0" channel bits, the bit lengths before and after it cannot exceed 21 T, which represents up to a maximum value 

40 of 20 contiguous "0" channel bits. 

It is seen from this that, among contiguous pattern strings each having a bit length not exceeding 23 T, 
where T denotes the distance between bits (channel clocks), that is a bit length not exceeding the maximum 
distance between transitions of magnetization Tmax = 23T, there are certain combinations of contiguous pat- 
tern strings which do not appear in the modulation by the above-mentioned (4, 22; 2, 5; 5) code. 

45 Concrete examples of these combinations include a f irst combination of 22T and 22T (22T - 22T), a second 

combination of 23T and -21 T or 21T and 23T (23T - 21T or 21T - 23T), a third combination of 23T and 22T or 
22T and 23T (23T - 22T or 22T - 23T) and a fourth combination of 23t and 23T (23T - 23T). 

If the number of bits is increased, pattern string combinations other than the first to fourth combinations 
may also be contemplated, such as 22T - 21 T - 21T combination, h*owever, ; this ieads to increased redundancy. 

so For this reason, the data string combinations with the least possible number of bits are employed in the present 
embodiment. 

It is mandatory, in this embodiment, that patterns which never appear in data be used as the frame syn-« 
chronization signals (synchronization signals). With the present embodiment, this is taken into account when 
selecting the patterns of the frame synchronization signals among the above-mentioned first combination 
55 through fourth combination: 

The frame synchronization patterns employed in the present embodiment are characterized in that the pat- 
terns can be formed by a bit length ("0" continuation) which is less than the maximum distance between tran- 
sitions of magnetization Tmax (first combination of 22T - 22T) f in that they can be formed by a combination of 
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different bit lengths inclusive of a bit length equal to the maximum distance between transitions of magneti- 
zation Tmax (the second combination of 23T and 21T or 21T and 23T or the third combination of 23T and 22T 
or 22T and 23T) and in that they can be formed by a combination of two contiguous maximum distances be- 
tween transitions of magnetization Tmax (fourth combination of 23T and 23T). 

5 Since the present embodiment has no margin bit, such as that provided in the aforementioned CDformat, 

the maximum distance between transitions of magnetization Tmax = 23T and the minimum distance between 
transitions of magnetization Tmin = 5T need to be satisfied solely by synchronization signals. Also, since the 
(4, 22; 2, 5: 5) code is a variable length type recording code based on the 2/5 modulation, it is desirable from 
hardware configuration considerations that the bit length be equal to multiples of 5. 

10 From the foregoing consideration, the following two synchronization signals have been selected for the 

present embodiment. 

Thatis, theTOrnbinationof23T,21Tand6Tis'used as the synchronization signal A, while the combination 
of 21T, 23T and 6T is used as the synch ronizatiorf signal B. The 6T of the synchronization signals A and B are 
,.. the bits appended for tail adjustment for providing a bit length equal to multiples of 5. 

i! AsidescriBed above, with the recording format of the present embodiment, the frame length is longer than 
' that with the above-mentioned CD recording format For this reason; the parity datafor error correction code 
. is increased in volume and in need of 32 bytes in terms of data bits; « 

Cbriseqiiently, if, With the recording format of the present embodiment; failure ^synchronization is incur- 
red due to°readout errors, data demodulation cannot be achieved until detection of the: next synchronization 
20 signals. Wit Ha larger frame length, the volume 'of lost data is also increased. Forthis reason, a frame is de- 
sirably of a shorter length. : " - •'■ 
' ' In this consideration, the synchronization signals A and B are employed in the present embodiment in such 
a manner that the unit of parity appended for error correction coding (data 3nd sector mark 16 x 1 0 bytes plus 
32 parity bytes) may be in the form of 2 frames (with each frame being 16 x 5 bytes + 16 bytes). Thatis, the 
25 synchronization signal A'is used for frame-syhchrdhizatiori and synchronization :bf EGC parity data, while the 
synchro^ 

ByHj¥irig^ signals, it'becbmes possiblie i for -the respective synchronization signals to 

take charge of different functions. In this manner, the frame synchronization signal may be set so as to be ar- 
bitrarily stiorteVuiah the length of a block to which error cor rectiori code data is appended, as a result of which 
30 the error correction code data construction may be increased inthe number of the degrees of freedom without 
being limited by the frame length. -> ; : :. . / . 

The synchronization signal defector of the present embodiment .is a synchronization signal detector capa- 
ble of detecting the above-mentioned synchronization signals A andBI ' 

ReturhingtoFig. 1v showing the synchronization signal detector of the ^present embodiment/ binary^ 
35 sign^is^, Which are RF signals, produced by:an optical pickup^or^a magnetic head reading signal, recording re- 
gions oV pits recorded on a'recbraingWdium^such^as-a'n optical; disc, magnetic disc or a magnetc^optical disc, 
u in accordance with the above-depicted recording format of the present embodiment, and clipped at a constant 
level as a threshold level,- are transmitted^ an input terminal 1.- ; . - - 

These binary-valued RF signals are supplied to the NRZI circuit^whichpiSi operated based on channel 
^Ibcks from terminal 4 for producing *§' ^pulseltfain based: 6n extra s\g- 
: f* 1 'Hafs;if t^Dlriary^valued RF 'signals«aVe' taken as so^callfed fnon-returh^tc-zero (NRZ)signals, 1 having their state 
^ ' : fn Averted jat ttie%>undary of the bit iriforrriatibhi a> pulse strain formed by extracted edge portions may be pro- 
n *' : ^ 

in Fig. 6. * b - '■■-^ ' " - v >; >. ... . ..i^v. 

45 In other words, if the data supplied to the input terminal 1 is the N RZ^ data, where "1" and "0" stands for 

"H'^aWd^ii'V^eVpe'c^iveiy'the' data is converted into NRZI data by the NRZI; circuit % where "I" means inversion 
and B 0" ; rhearis"non-ihversibn. For example, if ttie-NRZ datarts a data string consisting of^SJ, 23T and 17T, as 
shown in Fig. 7, the NRZ data is converted into NRZI 'data in such ar manner thatdata "1" is present at the 
pdrnfof trarisidbh from of. the NRZ, data into 

50 NRZi data/four "6*s v are arrayed durihg 5T, 22 TO are arrayed , during 23T and .16 "GTs are arrayedduring 17T. 
v Cohsequehtly/the signal pattern, has 22 w 0 M s followed by one "1 n followed in 

i: * v turn by 20 "fTs; as shown in Fig: 9, or alternatively, 20 n 0 u s followed by one, "1 " followed in turn i>y 22 "(Ts. 
' ■ -The pulse trainfrbm the NRZI circuits is supplied to aclear terminal of the counter 6 and to a load termina] 

of a latch circuit 5. The-bhannel clocks from terminal 4 are supplied to clock terminals of the counter 6 and the 
! 55 latch circuit 5:' ^ r - ^ ■'..*■ ; ■ ■ , x- - ■ -: : ■■ .-»■.;• ^^h/ - ■■ . 

The counter 6-has a count capacity of counting the number of the- longest channel clocks of the transition 
patterns of the synchronization signals to be detected, and counts the number of the channel clocks T between 
4 thfc edges, that is the number of channel clocks between the edges (transition distances) extracted.by the NRZI 
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circuit 2. 

The latch circuit 5 holds the count value of the counter 6 (number of channel clocks) and transmits the 
value of the channel clocks (count value) held thereby to the next stage each time transition of the binary- 
valued RF signals is incurred, that is each time an edge extracted by the NRZI circuit 2 is encountered. In other 
5 words, the latch circuit 5 holds the value of the number of channel docks (count value) corresponding to the 
distance between transitions directly preceding the distance between transitions being counted by the counter 
6 and transmits the thus held count value to the next stage. 

That is, since "1" stands.for a point of run interruption, counter 6 counts up by +1 each time "0" data is 
encountered, while latch circuit 5 holds the count value from the counter 6. Conversely, if the data is M 1", counter 
10 6 is cleared, while the latch circuit 5 loads the count value from counter 5, that is the current count value. 

The counter 6 and the latch circuit 5 are arranged in a 5-bit output configuration, that is, the output ter- 
minals of the counter 6 and the latch circuit 5 are connected to respective input terminals of AND gates 7 to 

10. . . . -\ : ; . . ; . .\ ; . ; 

Specifically; the output terminals of the counter 6 associated with first, second and four t h of the 0th to 
15 fourth bits of the five^bit output of the counter 6 are connected to the three input terminals bj the AND gate 

10, while the output terminals of the counter associated with the second and fourth bits are connected to the 
two input terminals of the: AND gate 9*. Also, the output terminals of the latch .circuit .5 associated with first, 
second and fourth of the 0th to fourth bits of the five-bit output of the latch circuit 5 are connected to three 
input terminals of the AND gate 7, while the output terminals of the latch circuit 5 associated with the second 

20 and fourth bits are connected to the two input terminals of the AND gate 8. ^ V 

- The outputs of the AND gates 8 and 10 are supplied to two input terminals of a three-input AND gate 11, 
while the outputs of the AND gates 7 and 9 are supplied to two input terminals of a threes in put AND gate 12. 
Outputs of the NRZI circuit 2 are supplied to the remaining input terminals of the AND gates 11 and ,12. The 
NRZI data from the NRZI circuit 2 are used as timing signals in the AND gates 11 and 1 2.*_* , ; } , 

25 With the present embodiment, the AND gates 7 to 10 detect 21 Tor 23T. On the.otheKhand, th^ AND gates 

11, 12 detect the synchronization signal when the combination of 21T and 23T or the combination of 23T and 
21T is encountered and "1" is entered from NISZI circuit 2. 

Outputs of the AND gates 11 ; 1 2 are transmitted to associated input terminals of , the twOrinput-OR gate 
13: An ORed output of the OR gate 13 is output at output terminal 14 ? as a synchronization signal detection 
30 output of the present detector. f . 

Specif icallyrthe; synchronization* pattern consisting of the combination of 23T and 21 T in the, NRZI repre- 
sentation is detected as shown in: Fig. 9. , , ■ , ^ ; o j , vr , ... - !; - 
; - J > Referring to Fig* 10, the NRZI data becomes "1," at a timing ta so that counter 6 is qlearedjtp "P". the latch 
' circuit'5 holds the directly previous count value by fetching ; the previous .count value. "22". At a timing tb, the 
35 synchronization signal is detected. That is, the count value becomes 20, while the latch circuit 5 holds the count 
value of "22" at a timing directly preceding timing tb. This : count value, thus held by, latch circuit .5, becomes 
the synchronization signal. If "1 " appears in data at the timing tb, the synchronization sjgnal is detected by the 
AND gates 7 to 12 and the OR gate 13. , - :r ; f : . :; v! ... , ■ »■ , v . — v . , , v llft * .^r" 

It is seen from above>that;a^1 -clock synchronization signal deteGtipaoutput is i?sued.when i the, above data 
4b corresponding to the 'synchronization signahis [entered:, For f examplei -when the synchronization pattern is a 
* 23T-21T ! cdmbihation; data is NRZI representation induding 22 t contiguous *0"s and 20 conjtiguoys "0"s is de- 
tected. Similarly, when the synchronization pattern is a 21T - 23J f com binatlpn, data in NRZI representation 
including 20 contiguous "0"s and 22 contiguous "0"s is detected. ( t 

1 The demodulating device of the present embodiment is now, explained.., : , ^ ^ 

4$ The demodulating device is a decoding device for decoding the above-mentioned variable Jength coded 

data arid includes, asshown in Fig. 11, a synchronization signal .detection, circuit 22, aiTangedas shown in Fig. 
1; a timing supervising circuit 23 for detecting the boundary between thejblocks of the variable length coded 
data, based ori the synchrbnization;signals detected by the synchronization signal .detector 22, and a code 
lenjgth detection circuit 24 for detecting the code length of the variable. length coded data, the demodulating 
so L device also includes a data demodulating circuit 25 for demodulating the N^bi^based variable coded 
data into M-bit based original data in accordance with a demodulating table as a counterpart of t hrembdulating 
table employed for variable length encoding based on the code length.data detected by the code length de- 
tection circuit 24 and output data of the timing supervising circuit 23. Finally, the demodulating device includes 
an external interface 26 to which the original data demodulated by the data demodulating circuit 25 and an 
55 output of the timing supervising circuit 23 are entered and which effectuates matching between the original 
data-and the downstream side circuit ^ ' : - is h . , 

Referring to Fig. 11, data read out from a recording medium^ such as an optical disc, are supplied to an 
input terminal 21. The above-mentioned synchronization signals are detected by the synchronization signal 
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detector 22 from data supplied thereto. Based on the synchronization signals, detected by detector 22, the 
timing control circuit 23 generates timing signals employed for timing control during data demodulation. 

Since it is necessary with the variable length coding to detect code length for data demodulation, the code 
length is detected by the code length detection circuit 24. 

Using the code length data from the code length detection circuit 24 and the timing signals from the timing 
control circuit 23, the data demodulating circuit 25 demodulates data supplied to input terminal 21. Demodu- 
lated data from data demodulating circuit 25 are transmitted to the external interface 26 which effectuates 
matching with the downstream side circuit based on the timing signals. By way of an example, the external 
circuit 26 translates the 10-bit data from the data demodulating circuit 25 into 8-bit data to output the resulting 
data. An output of the external interface 26 is output at output terminal 27 as demodulated data. 

It is noted that the variable length codes of the present embodiment are employed in a format employed 
for recording moving picture data on e^g. a compact disc (CD). 

Although the present invention has been shown and described with respect to preferred embodiments, 
various changes and modifications which are obvious to a person skilled in the art to which the invention per- 
tains are deemed to lie within the scope of the invention as claimed. 



Claims 

1. A synchronization signal detector for detecting synchronization signals embedded in radio frequency (RF) 
signals containing data encoded according to a modulation table, the synchronization signal detector com- 
prising: 

means (2) for extracting edges of the RF signals detected as binary-Valued signals, 
counting means (6) for ^ counting a number of channel clocks generated by an extern 

generator between adjacent extracted edges, ' 

holding means (5) for holding a count of the channel clocks previously counted by the counting 

means whtjejthe counting means counts a current number of channel clocks generated between adjacent 

extracted edges, and 

means (7,6,9,1 0,1 1,12,13) for receiving outputs of the counting means (6) and the holding means 
(5) and for detecting, synchronization signals by comparing the outputs of the counting means (6) and t he 
holding means (5) with synchronization signals comprising two patterns^ one pattern representing a frame 
synchronization signal arid the other patterri representing a synchronization signal for at least error cor- 
.. ... rection. ^ . . 

2. A synchronization signal detector as claimed in clSim t; wherein each of the. t wo patterns comprises a 
combination of bit counts not present in' the encoded data, bit lengths representing clocks counted be- 
tween extracted edges in the synchronization signals, each bit count being less than or equal to Tmax, 
which is the maximum number of clocks bet wee h extracted edges in the coded data, and greater than or 
equal to If rhin, which is 'the miriirrium number of clocks between extracted edges in the coded data, in- 
clusive, the,patterns also satisfying at least one of the following conditions (i) to (iii)^ ^ 

(i) Jhe pjatteri^ Bitlerigths smailer'thari a rniaximum of bit counts 
between 'transitions of rfegfiei\^i\6nof the' cb'hversidrr code; * v - 

(ii) the. patterns are each a combination of different bit counts inclusive of Tmax; arid 

(iii) the patterns are each a combination of Tmax and another Tmax contiguous thereto. 

3. A syrichrbniiatioh sigrial detector as claimed in claim 1, wherein a modulation code used for encoding t he 
encoded data is a variable length code having different code word lengths depending on input data word 
lengths, the variable length code being in the format of (d, k; m, n; r), where d, k means a constraint im- 
posed on a train of the same symbol information (d means a minimum length of a symbol "O", k means a 
maximum length of the symbol w 0"), m means a basic data length, n means a basic code length, and r 
means a basic data length of conversion (constraint length), and d, k f m, n, r, Tmax and Tminiiave the 
following values: f 

d = 4; ' " ; 

k = 22; / ' ^ ' ' 

m = 2; ' '"' 
n = 5; ' 

r = 5;' • 
Tmax = 23T and 
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Tmin = 5T. 

4. A synchronization signal detector as claimed in claim 3, wherein a spacing between transitions in each of 
the two patterns comprises one of the following: 22 bits followed by 22 bits, 23 bits followed by 21 bits, 
5 21 bits followed by-23 bits, 23 bits followed by 22 bits, 22 bits followed by 23 bits, and 23 bits followed by 

23 bits. 

5; A synchronization signal detector as claimed in claim 1, wherein a margin bit for tail adjustment is append- 
ed to each pattern. ■ ' . - 

10 > 6. A synchronization signal detector as claimed in claim 5, wherein a total number of bits of the pattern of 
each of the synchronization signals, including the appended margin bit, is equal to a multiple of five. 

7. A demodulating device for demodulating variable length code data i comprising: 

a synchronization signal detector (22) comprising means (2) for extracting edges of radio frequency 
15 (RF) signals detected as binary-valued signals; 

counting means (6) for counting a number of channel clocks generated by an external source be- 
tween adjacent extracted edges; 

holding means (5) for holding a count of the channel clocks previously counted by the counting 
means while the counting means counts a current number of channel clocks between adjacent extracted 
edges; t , , 

detecting means (7,8, 9, 10, 11, 12, 13) for receiving outputs of the counting means (6) and the 
holding means (5) and detecting synchronization signals by comparing the outputs of the counting means 
(6) and the holding means (5) with synchronization signals comprising two patterns; one pattern repre- 
senting a frame synchronization signal and the other pattern representing a synchronization signal for at 
25 . least error .correction; , - 7 

....... timing controlling means (23), for detecting a b|pc^ boundary o^ 

on synchronization signals detected by the detecting means and for outputting tirriirjg control information; 
code length detection means (24) for detecting a code length of the variable length data; 
data demodulating means (25) supplied with the detected code length of the variable length data 
30 r for demodulating the variable length code data into original data in accordance with! a ^mbdulation table 

used to decode the variable length encoded data, based oh a detected co^ by the 

code length detection means and timing control information output by the timing controlling means; and 
matching means (26) for receiving as inputs demodulated original data output by the data demod- 
ulating means and the timing control information.output by : t he, timing controlling means and using the 
i inputs for matching the original data to an externaLcircuit. . „ ^ \,. 



20 



35 



... 8. Amethod for detecting synchronization signals embedded in radio frequency (RF) signals containing data 
encoded according to a modulation table, the synchronization signal detecting method comprising the 

steps of: . . t . " ; , „. . ....... * * ! ' . ' 

e . extracting (2) edges of the RF r signals detected as binary-valued signaj^, 

counting (6) a number of channel clocks generated by an external channel cldck generator between 
adjacent extracted edges, . , . . , , t v , ^ 

.^holding (5) a count of the channel, clocks. previously, counted white counting a current number of 
channel clocks generated between adjacent extracted edges, and 
45 receiving (7, 8 f , 9, 10, 11, 12, 13) current counts and held counts and detecting synchros 

nals by comparing the current counts. and t he held .counts^wjth. synchronization signals comprisin 
patterns, one pattern representing a frame synchronization signal and the other pattern representing a 
- "■ - synchronization signal for at least error correction. . . . ; 

50 9. A synchronization signal detecting method as claimed in claim 8, wherein each of the two patterns com- 
prises a combination of bit counts not present in the encoded data, bit lengths representing clocks counted 
between extracted edges in the synchronization signals, each bit count being less than or equal toTmax, 
which is the maximum number of clocks between extracted edges in the coded data, and greater than or 
equal to Tmin, which is the minimum number of clocks between extracted edges in the coded data, in- 

55 elusive, the patterns also satisfying at least one of the following conditions (i) to (iii): 

(i) the patterns are each a combination of bit lengths smaller than a maximum number of bit counts 
between transitions of magnetization of the conversion code; 

(ii) the patterns are each a combination of different bit counts inclusive of Tmax; and 
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(iii) the patterns are each a combination of Tmax and another Tmax contiguous thereto. 

10. A synchronization signal detecting method as claimed in claim 8 wherein a modulation code used for en- 
coding the encoded data is a variable length code having different code word lengths depending on input 

5 data word lengths, the variable length code being in the format of (d, k; m, n; r), where d, k means a con- 

straint imposed on a train of the same symbol information (d means a minimum length of a symbol "0 W , k 
means a maximum length of the symbol "(T), m means a basic data length, n means a basic code length, 
and r means a basic data length of conversion (constraint length), and d, k, m, n f r, Tmax and Tmin have 
the following values: 

10 d = 4 i 

k = 22; 
m = 2; 
n = 5; 
r = 5; 

15 Tmax = 23T and 

Tmin = 5T. 

11. A synchronization signal detecting method as claimed in claim 10 wherein a spacing between transitions 
in each of the two patterns comprises one of the following: 22 bits followed by 22 bits, 23 bits followed 

2Q by 21 bits, 21 bits followed by 23 bits, 23 bits followed by 22 bits, 22 bits followed by 23 bits, and 23 bits 

followed by 23 bits. 

12. A synchronization signal detecting method as claimed in claim 8 wherein a margin bit for tail adjustment 
is appended to each pattern. 

25 13. A synchronization signal detecting method as claimed in claim 12 wherein a total number of bits of the 
pattern of each of the synchronization signals, including the appended margin bit, is equal to a multiple 
.of five. 

14. A synchronization signal detector for detecting synchronization signals embedded in radio frequency (RF) 
50 signals containing data encoded according to a modulation table, the synchronization signal detector com- 

prising: i 

means (2) for extracting edges of the RF signals detected as binary-valued signals, 
counting means (6) for counting a number of channel clocks generated-by an external channel clock 
generator between adjacent extractededges, . v. 

35 holding means (5) for holding a count of the channel clocks previously counted by the counting 

means while the counting means counts a current number of channel clocks generated between adjacent 
extracted edges, 

means (7, 8, 9,\l0, 11 , 12, 13) for receiving outputs of the counting means and the holding means 
and for detecting synchronization signals by comparing the outputs of the ; counting means and the holding 
means with synchronization signals comprising |two] patterns f one gatterrurepres^pting a frame synchron- 
ization signal, and the'other pattern representing atsynchronizatiori signal for at least error correction, 

wherein the spacing between transitions in-each of the two jsatterns comprises one of the following: 
22 bits followed by 22 bits; 23 bits followed by 21 bits; 21 bits followed by 23 bits, 23 bits followed by 22 
bits, 22 bits followed by 23 bits, 23 bits followed by 23 bits, and 
45 wherein a margin bit for tafl adjustment is appended to each pattern. 
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NR2 DATA • 0111111 1 00 0000000111 

NRZI DATA • • 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 

FIG.6 



NRZ DATA 

5T 23T 17T 

00000 11111 11111 11111 11111 11100 00000 00000 00000 11 

NRZI DATA 

10000 10000 00000 00000 00000 00010 00000 00000 00000 10 



FIG. 7 



NRZI DATA - * • • 0 1 0 0 0 0 0 0^1 0 Olo 6 0 0 0 0 1 0 0 
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LATCH */*•• • " 6 ' 6"6 666 6 6688 
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